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HE neceſſary avocations-of buſineſs, and the 

Þ urgent importunity of ſome, for the ſpeedy 
* publication'of my Animadverſions, made 
. me conclude them in the Eleventh ſheer , 

' without ſtaying to Explicate ſeveral things 
which 1 ſigned to go along with them. 

| _ But having now retrieved a lictle more of 
jeafute, bout for Debinedtioas a0d Deſeription\, for a further * 
elbeidarioh' of what I have ſaid, I ſhaibinake it my third 


Atcempr, to explain} 
Firſt, £ Helioſcope #9 look #pon the body of the San, without 


any offence to the Obſervers ege, ' 


B Second ly, 


—4 
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Secondly, 4 way of ſbortwing refle ive and refraFive Tele- 
ſco | | 

Thirdly , A way for uſing « Glaſi of any length , without mo- 
wing the Tube, 

Fourthly , A» acooby wn! taking the Diameters of the 
Sun, Moon and Planets, or for taking any other Diſtances, to 
five or tem Degrees, to the certainty of « Second, Two of theſe _ 
[ promiſed in the 7854, or laſt page of my 4ntwedrerfions, 
ard the other fall in as analogous to them. 

Fifthly, Am Inframent for deſcribing «ll manner of Dials, by 

the tag ent propre. 

| ' -I. For adjuſting the Hand of 4 Check, ſo ax to make it 

move 11 Bak of s Dial, whoſe ftyle is parallel to 

the Axu: Or, 

(2. Is the Azimuth of any Celeſtial Body, that is, im the 

ſhadow of an upright, or any other way inclining 
Sixthly,.| Sty/e, wpow lain. 

The wſes4 3. For nat 


rly-of 50 move according to the true 4- 
thereof; | quation of Time. 
4: For making all manzer. of Elliptical Dials, in 
My. Foſter's way, Oc. | 
is. For communicating « circular motion in « Curve 
Lize, without a7 oking : And for divers other 
excellent purpoſes. , 


And firſt, For «s HELIOSGCOPE which ſbill ſo take 
off the brightneſs of the Sun, as that the weakeſt eye may look 
«pon it, at any time, without the leeft offence. My contrivance 
is, By often refleding the Rayes from the ſurfaces of black 
Glaſſes, which are grownd. very exaftly, flat, and very 
wel! poliſhed, ſo to diminiſh the Radiarions , that at lengrh 
they bec:me as weak and faint as rhoſe of the Moon in the 
twilight, ſo-that one may with eaſe, and very mnch pleaſure, 
view , examine and deſcribe the phafe of the Sun, and the 
macwlz and faculs thereof, if any ſuch happen to appear when 
the Obſervation is made, and it gives a good opportunity of 
diſcovering them, before we have any advertiſement thereof 
from others. The reafon of which will be ſufficiently plain 
to ſuch as conſider, how great a quantity of the rays of Lighe 


So, 


is loſt by every refleQion, and that every refleftion doth 
duplicate, triplicate, quadruplicate, quintuplicate, &c. 
the firſt proportion of loſs. For Inſtance : 

Suppoſe I have a Helzoſcope made of an Object Glaſs , 
an Eye Glaſs, and four RefleGting Glaſſes, and that, by the firſt 
refle&ion, I loſe 2 of che Dire lighc, I affirm there will re- 
main but z part of the Dire@ rays of the Sun, which can fall 
upon the eye at the laſt, for If every refleQion doth Iofe 
? of its Rays, and refleQ bur 5, and chat quarter Joſeth ?, and 
refles only - of its received Light, there will rewain bur 
* part of the whole, and if this ſixteenth pare loſeth three 
quarters of 1ts Rays, and refleQs only a fourth, it will follow, 
the remainder will only be 2 part of the whole, and if that be 
once more refleGed, the Ray will return but with = part of its 
firſt light, | 

This, although_it be obvious , and eafie enough now it is 
known,yet I do nat find that any Pei ſon hath yet had thoughts 
of applying it to this uſe. The generality of Obſervers have 
hitherto made uſe of , either ſome very opacous and thick 
Glaſſes next the Eye, whether of red , green, blew, or purple 
Glaſs ; others have diminiſhed the Radiation, by covering 


the Glaſſes with a very thick and cloſe coat of. the ſoot of a 


Lamp; others, by caſting the figure upon a piece of white 
Paper, whence 'tis refleged to the eye ; Others have contra- 
Ged'the Aperture into a leſs circle, and thereby let in leſs 
Light, and ſo make uſe of one ſingle Ray inſtead of a pencil 
of Rayes ; Others have expanded the figure of the Sun, by 
the help of Eye Glaſſes, intoa circle of ten, twenty, or an 
hundred times its Diameter. But none of all theſe wates 
do come near this which T now deſcribe by the help of three, 
four,or more Refleions,as any one upon trial will very plain» 
ly diſcover. 

Firſt, As to the coloured Glaſſes, I cannot at” all approve 
of them , becauſe they tinge the Rayes into the ſaine colour, 
and conſequently take off rhe truth of the appearance, asto 
Co'our; beſides, it ſuperinduces a hazineſs and dimneſs 
' upon the Figure, ſo: that ic doth not appear ſharp and di- 
ſtint. The ſame inconvenience is alſo produced by Monſieur 


Hugeniss's way, of covering the Glaſs with the ſcot of a 
B' 2 Lawp, 
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Lamp,though not to ſo great. a degree. :-The Figure an paper, 
Sip re ar pary 242 ere pg 
difference of ſhadows ſo'very py ſtio&, .though that dath, very 
well, if the ſurface be very ſmooth, and the OhjeQ be magni- 
fied by a Hand Glaſs. - That by the cp trafied REFeure ig the 
warſt of all, by reaſon of a certain; propriety af Ligbtmar 
taken notice of yet by Optick Writers , the edges of Ob- 
3eAs ſeeming ragged, of which I have hinted ſomewhat in my 
Animadver ſions, p -35, and ſhall ſhortly ſay nuch more, the 
whole ground of Opticks depending thereon. : 

Tlie way of expanding the figure,of the Sun by the Eye. 
Glaſs, to me ſeems the beſt of all the reſt , but that is apt to 
vitiate the Figure, to ſuper-induce ſomewhat of. Colour, and 
doth not give the ſmalleſt diſtinGions of lights and ſhadows, 
without ſomewhat of colour, and ſomewhat of hazineſs and 
dimneſs, | 

" The Glafſes of this HELIOSCOPE may be made ei- 

ther by refraiting or refle #ing Spherical Glaſſes. The beſt way 
for taking ina large Angle, 1s,, the uſing refrating Glaſſes, 
both for the Obje& and Eye Glaſſes; but the belt way for 
taking in a ſmall part, and for avoiding hazineſs , dimneſs, -and 
coluurs, is, by Refle&ion, either in part,.,or io, whole ; that 
1s, either to make the Obxa Glaſs only. by way of Refle- 
Fon, and the Eye Glaſs by that of Refraien , or, both the 
Objea-glaſs and Eye Glaſs alſo by refleAion, and to have ny 
*refraction at all. The ſeveral waics of doing which I have 
repreſented in the adjoyning Tab.e, wherein. | have expreſſed 
ten ſcveral waics of placing the ſeveral Glaſſes, ſo as to be fic 
for the uſe deſigned. | 

The firſt way repreſented in the firſt Figure, is, a ſixty foot 
Objea-Glaſs, contradted into a twelve foot Tube, by the help 

of four ſeveral Refle&ing-plates placed between the ObjeR- 
Glaſs and Eye-Glaſs, The Experiment of doing which, I 
produced and .ſhewed before the Royal Society, at divers: of 
their publick Meetings at Arundel houſe , in the year 1668; 
and it remains upon their Regiſter. 

This (as I then ſhewed) would be of exceeding great uſe 
in all wanner of PerſpeZ&ves and Merge? , .1f we could find 
2 good material that would make the RefleQions very ſtrong 

; | and 


\ 
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andfull. iAnd thatwonldinoeherfobjolitcy thoſe ay/Figare, 
which al avs, ſpecular MenalBazewery! apt eoxtbyy foe; Þyir, 
'twould” be poſlible, throontra -the Tubes for long®Glaſſe's 
igeQ vexy ſhort lengths zand fa mntic them ofveaſie uſepne&@ mr 
NBB&s/!; 2m 1 bo 4 1 308 , [is ni on egy aid oud 23HIO 
| te open oaey feverdd fares of: Neves) +, 'inade With 
%,. 2,19, Anmerrand dr femick, but moſtof r1bſeiddmpornd 
Mergals: 1 found tÞ-be #try!fporgy-, and'conſequentiy in the 
laſt, poliſh to receive, though a very: glaring; poliſh ,'Fer ſuch 
as did zpch cpafound the Objedt by ia kindof hatzineſs, efpr- 
cially if, Pwtrbe wed to glaſe at, -atid; for this:purpoſe,” Patty 
muſt.vac inavy.wiſt; that 4 yer khow of, be uſed "it being 
ſo VEry apt ta.round off: the edges of pores or ſcratches, which 
does mugh contribute ta the hazineſs and confuſion of the Ob- 
ea. F FTA I 1 
- If I made uſe of Glafſes:fotl'd with Daithftver which 1 
found x9:givemych the beſt-riefle@ior, yet 1 fohnd this vincon- 
_ veniange, thata conſiderable partiof the Ray' was loſt,' by the 
double refleftion/at the unfoil'd ſuperficiesof the Ghſs. The 
firſt rom the ſurſaceof the Glaſs before it centred ; this, as it 
weekned the Ray R :fo mingling with. the other refleaton'thart 
came fromtbe bottom, it.creared . foine kindiof 'hazineſs and 
copfuganttf the two ſuperficies of!the:'Glafs were parallel, 
but if zbey» were :not parallel; it ſuperiaduced ſomewhar of 
Colour, , unleſs ic were helped by a: contrary reſraQion in a 
ſecond Refiedting-glaſs; after-the manner of that which is de- 
lives:cd-m t\arifth Figure, where lets b repreſent the ObjeR- 
Glaſs, ig the firſt: Reflefing-place, whoſe thinneſt (ide is toc, 
and d 4 - the: cond RefleGing-plarey! whoſe' thimeſt pare 
is towardsJ, which doth thereby rake off the firſt Refration 
of cg, and defiroy: the Colours ſuperinduced by the firſt. 
The. Ray .alfo- was weakned much more from” the ſecond 
reflection it, ſuffered at\the unfoil'd! ſuperficies of the Glaſs, 
from the refletion of the Air,or ether,which is much Nronger 
than that of Glafs, at ics re-entring into the Air. Beſides this, 
I 6pd .thatt the ſubſtance of moſt Glaſs is ſo imperſeRly mixr, 
that there.is in the very beſt much of veinynefs and inequa- 
lity;of Refraftion.in. the party thereof, and thence; though 
|; there 
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-therewereno viſible vein appearing in the body of the Glaſs, 
'and though both the ſurfaces thereof. were* very truly figured 
and poliſhed, yet there was Come kind of dimneſs ſuperindu- 
ced upon the Objedts, by the rays paſſing through thoſe 
Glaſſes. But this was not in all, for I found ſome that did 
very well anſwer my expectation, and I am very apt to be- 
lieve, that if a pot of Glaſs were wade on'purpoſe, by a way 
I know, the body thereof might be 'made perfcdily clear, 
uniform, and tranſparent, without blebs, veins, or ſands, 
which, when [ have leaſure and opportunity I defign to ex- 
perience farther But this only by the by , inrelation to the 
ſhortging the Tubes of Teleſcopes for the Moew , Planets, and 
other Objeas, becaule it is not at all eo our preſent purpoſe of 
makinga Helioſcope, where we make uſe only of the refleQion 
of the firſt ſuperticies of | the Glaſs, and where our main aim 

and deſign, is, the loſs of the ftrength and brightneſs of che 

| Rays, and not for preſerving. the ſtrengch and briskneſs of 
the Rays, or augmenting them. And therefore for this uſe, 
the beſt inaterial I have yec met wich, | is, black Glaſs, black 

Marb'e, and Glaſs of Antimeny. For theſe ſubſtances being 
very dark and opaque, do refle& but a very ſinall parc of 
the Raies that fa!l upon it, and none. of thoſe thar penetrate 
into it,eſpecia'ly if they be thick; and being ofa very hard and 
permanent ſubſtance , are capable of receiving a very curious 

and exad poliſh, and qualified ſufficiently to retain and keep 
it, without receiving injury from the Air, or ordinary wiping. 

Bur in the waking of theſe Glaſſes for Long Teleſcopes , very 
great care and diligence muſt be uſed to make them of a true 
flat, and ſo much the more, by how much the nearer they are 

' placed to the ObjeA-Glaſs,and the further from the Eye-Glaſs ; 

a liceleerrour ata great diſtance from the eye being vaſtly mag- 
nified to the eye ac that diſtance , whereas a greater becomes 
inſenſtble, if it be near theeye. Let «4 6, in the firſt, repreſent a 
fixty f.vot Glaſs, whoſe focus is at'oz let 8 c4e fs, and 

be þ t k o, repreſent the iwo fide Rayes of the pencil of. lighe, 
ehis Pencil, by the four RefleGing ſurfaces (y", 0, q ,, Cn) 
is broken into five ſhorter lengths ( u 4 anſwering tos d, y 8 to 

gh, h+to de, bi to bs, ag torf}, and extosh, and 
laſtly, 
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laſtly, 4 » and =+, tof » and ko) as will beſufficiently plajo 
toany one that will but conſider the Scherve, 

By this way. four fifths of the length of the Tube is taken 
away, which is the molt that can he raken away by four Re- 
fleions , every reflection running the, whole: length of the 
Tabe, a leſſer part of the length may be taken away in any 
proportion aſſigned, as in the ſecond contrivance, deſcribed 
in the ſecond Figure , two thirds are taken off, when the ſame 
Letters anſwer co the ObjeQ-Glaſs, Eye-Glaſs, the flexures of 
the ſide Rays of the Pencil, and the Refle&ing-plates that make 
choſe flexures. The third and fourteenth Figures repreſent the 
Tube ſhortned by two or three refleions , and 9 ſerves 
co ſhorten the Tube by ewo thirds Only. Theſe are of uſe for 
a very ſtrong Eye and with a ſinall aperture of the Obje&- 
Glaſs, and when the Snn is near the Horizon, or its light is a 
little diminiſhed, by a Fogg, thin Clouds, or the like. 

|f it be thought more convenient to have this long Tube 
co lie alwaies Horizontal, and conſequent]y, that there ſhould 
be no need of having a Pole or Engine to raiſe the Tube: ſe 
may be framed ſomewhat like that in the fourth Figure, where 
the ſame Letters anſwer to all the parts above-mentioned, 
or elſe like that in the ſixth Figure, the Letters of both 
which being the ſame with the former, will eaſily explain them. 

Now in all theſe, and 2o other contrivances of this nature, 
with one, two, three, or four RefleQing-plares '« hich may Le 
prefently thought of, the ſight is direded exacly at the Sun, 
ſo that there will be lirtle difficulty of finding it af:er the. 
Glaſſes are fixt to their due lengths and poſitions. 

] explained alſo at the ſawe rime to the Royal Society, at 
their publick ney ng at Arundel-bou e, ſeveral other waies of 
facilitating the uſe of very long Glaſſes , for other ObjeQs in. 
the heaven, by the help of one RefleRing plate only, and that 
was by a Tube fixed, either perpendicularly, horizontally, 
or obliquely, for it mattered not whether as ro the ſecing the. 
ObjeR in any part of the Heaven , ſuppoſing other circum- 
ſtances hindred not , and the objeR could be as eaſily found 
as by the: common Teleſcopes of the ſame length. © But of theſe. 
elſewhere. 

Theſe contrivances with four RefleFions , may-be made _ ; 
| of 
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by Th: wiki fight is weaſt, Bue,Nich 3s « 6 endure it 
ſe Ng brighter, would 8s the parts Feb rong, may 
make uſe of one o f chtee RefleQions, only, like that of Fig. 14. 
which doth beſt ſuir my eye, 

Next, this Helioſcope may be wa dy Reficiow only, with- 
out any RefraFion, and" that way be done cither' in the man- 
ner of char in the ſeventh Fi gure , when « 6 repreſents a con- 
cave ſurface of a bl Glaſs, jhoſe 'fo 150, , FFhs far In- 
ſtance; wewill ſupple atthe dil as f forty þ oor, cd repre- 
| fentsa'clear plate of fs of two fat ſurfaces, which a are made 

not parallel but a Htel inclining, fo as bug refletion from that 
fide which is furtheſt from the concaye may be caſt another 
. way,and not fall at All v oa third eGing lates &, and 
becauſe the wedg- like of. this tranſpirent phate of Glaſs, 
&d; wilt cadfh { Avi mY conſequently a dp ike of 


the Ray ; therefore there wut 'be another wedg-like Plate 
exaQtly as way be like the former, which at ſome diſtance, as 
at wp, where"the refleQion will nat come to fall upon the 
Place, «t wul} be ſv fixed that the chinneft part of this may 
lie aſt upon the thickeſt pait of 'c d, and the thickeſt of this 
over the thinneſt of that, by which means both the falſe refle- 

ions and refrattFions will be removed. From « $ the Rays are 
refleaed to y 0, and from y too the focus, and ſo hecch the 
lens, £, to the eye &. This I rake to þe the beſt by RefleZter ; 
bur ir may be ewehty other waies contrived , which I ſhall 
not now ſpend more time in deſcribing, i it being ſo caſte a mat- 
ter from the conſideration of theſe I have mentioned, to make 
an hundred other variations of the principle. 

To this Hel:oſcope way be ficted Inſtruments for meaſuring 
the Matulg , facule, and Nebsle.,' viſthle-in the voy of 
the Sug; as alſo the ſpaces paſedby ; them ina day, two Ne, 
ren, &e. together Kith the variation of their Figuresand 
meades ; ; tur the diainerer,of the body of the Sun will be bor. 
cer taten by ! the fo"! OW10Dg. laſtrynenr.. And by reaſon that ic 
wilt be often Sus <3 gran, t thei iL, figures more exadly,. the 
Ergite hat 7 haye dſt ihe 1 k Ny hain dverfions, 0. Na | 
65, 83\and'69 ba may be made uſe of ro og the He 
alwaics direQed at the bady 0; the-Sun, which wil be no Wt 


caſe” to ah'Obſ& Ver, that 15 to delineate the figures on Paper. 
When 
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When the brightneſs and radiation of the Mien, Yen or Jo. | 
piter, do ſotnewhat offend the eye , they will preſently loſe 
their beards and' look 'very diſtin&, if one refleRion from 
glaſs be made uſe of in the Teleſcope. 

Another Inftrumenc-I promiſed to deſcribe, is, for taking 
any ſuch Diatterers 7repfits,. or diftance to the'certainty of a 
ſecond Minute, by which more maybe done for the finding 
the Parallax of the ſyuperiour Planets, and 'the Longitude on 
the Earth, then bath been ever yet done by all the Inſtru- 
nents that have been uſed in the World, 

1. This is made exaQtly , in all particulars like the © ns- 
drant , as to its hollow centre , Screwd-limb, Screw-frame, 

and long Rod to turn the Screw from the Centre ; and thac 
the Screw-frame may be kept down "the truer , upon the 
edpe of the Limb, there ſhould be made a ſmall Arm to claſp 
behind the inward limbof the Inſtrument, after the manner 
repreſented in the $th. Figure by w, by wich means the 
Screw will be kept cloſe, ſteady, and eaven to the ourward 

of the Limb. The Letters in thjs $:h. Figure being the 
ſame with thoſe of the 1 and « 17h. Figures of the Jnimadver- 
fions, and repreſenting the ſame parts, need no further expla- 
nation.  * 

2. Inſtead of this Screw upon a circular Limb, a Screw may 
be made to move upon a ſtraight Limb, or Ruler, the end of 
which muſt move upon Centres or Rowlers, the'centres or 
axes of which Rowlers muſt be exaGly in the ſame line, 
when both the PerſpeQive-ſights are adjuſted to the ſame Ob- 

je, and the diviſions began. The ſame thing may be done by 
a ſtraight Screw , in the manner of a pair of dividing Come- 
paſſes, where the ſame care moſt alſo be had, that the axes of 
the Rowlers muſt be exaQly in the ſame line , and the fides of 
the Incompaſſing-ſcrew , being made of ſteel, muſt be wade to 

- ſpring about the Jong Straight-ſcrew ; this long Screw muſt 
be made of ſteef of ha'f an inch of diameter at leaſt, if itbe 
made 18 inches1ong, and "twill be beſt ro ſcrew it with a ſal! 
thred , otherwiſe it will be aptto be moved out of a ffraight 
by ſcrewing a large thred ; and the thred, whether greater or 
leſs, mtft be made by degreeswith a pair of cutting-ſtocks, 
that may be fer.clofer every time of ſcrewing. 

| The 
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The manner of contriving the Centres and Sockets may be 
ſeen inthe 12and 13 Figeres,. where the 13 repreſents it inan 
end-way Proſpe&, and the 12 in a lateral or ſide-ProſpeR ; 
r is the Rowler of the upper Tube, and 2 of the under, 3g the 
Screws to faſten them in the holes, 44 the incompaſſing or 
Socket-ſcrew which ſpringeth cloſe to the Cylinders, 6. the 
Cylinderical ſmooth Socket which guides.the Cylindrical- 
fcrew,foas to. make its Axis paſs exaly over the center of che 
Row!er 22, and which, by meansof a Ring 7 on the ſcrew, 
keepeth the pointed-end thereof 8 againſt the ſtay or pore 
rance 9 3. tis net difficult how to make a Dividing-plate, and 
an Hand or Index thereunto, nor how it may be turned from 
the centre of the two Tubes by a long Rod, . as in the 8rb. Fe- 
gure; nor vvill jt be difficulc, after it is known by Obſerva- 
tion, how many Revolutions, and vvhat part of a Revolution 
anſwers to five whole degrees, to calculate a Table of Sub- 
tenſes, which ſhall ſhew yvhat part thereof goeth to make the 
ſubtenſe of every Minute and Second of the ſaid angle. 

\ 3-The ſame thing in the.year 1 665,T performed by a Rowler, 
rowling uponthe limb of the Q#«draw, by the help of two 
Wires vvhich vvere coyledabour thoſe Rowlers , and the ends 
thereof were faſtned upon the limb of the @aadraxt ; for, 
by a large/index on the end of this Rowler, I was able to move 
the arm of the Inſtrument to any fifth Second of the @ns- 
drant, vvith great eaſe and certainty. * 
' I alſo at the ſame time made another Frame with a ſtraight 
Screw, vvhich opened to fivedegrees only, vvith Tumbrels or 
Rowlers like 2 pair of dividing Gompaſſes ( after the ſame 
manner vvith this I have newly deſcribed, for taking Dia- 
meters or Diſtances to five degrees) and by the help of very 
curious Lines drawn upon a ſmooth Glaſs-plate, and Points 
very curiouſly made at every five degrees on the limbof the 
Daadrant, or Inſtrument on vvhich it vvas fixt, and the help 
ofa very deep Plano convex lens, vvhoſe plain fide vvas turned 
downwards towards the Plate , and the convex fide towards 
the eye, the ſaid Frame vvas moveable from five degrees to 
five degrees, upon the whole limb of the @zuedravt or Inſtru- 
ment , by vvhich! Inſtrument J could. vvith great eaſe aQu- 
ally and accurate divide an angle into eyery five Seconds, 
and 
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and conſequently take any 'angle-to the accurateneſs of five 
Seconds ; for, removing the Frame to the nexe diviſion , leſs 
chanche Angle deſired, and then by the Glaſs, fixing one of the 
Arms that had the plate, exafly over the hole or point of 
diviſion ; by the Screw the remaining part of the Angle could 
beexadGly meaſured. | = 
As to the method of dividing any of theſe, the beſt vvay 
vvill be to meaſure upon ſome Plain 1000, 1506, or 2000 foot 
in length, by ewo Rods of twenty foot long a piece, or elſe 
by Wires ſtrained vvith vveights, the vvay of which I ſhall 
ſhortly deſcribe : Beginning from the very centre of the In- 
ſtrument , and + the end thereof, to ſer up ſo many Deal- 
boards joyned to the end of each other in a ſtreight line, or - 
elſe to ſtraina pretty big Line, -vvhich ſhall cur the meaſured 
line of difavce from the center of the Inſtrument at Right- 
angles, and then by a Table of natural rawgents , according to 
the difexce from the centre of the 4#t, put as Radine, 
to ſet and mark off upon thoſe Boards or Lines the diviſions 
of Degrees and Minutes, by ſſes or Reles, as exafily as 
may be, and mark them accordingly , that the Degrees may be 
diſtinguiſhed very plainly from the Minutes : Then having ad- 
| zuſted the Inſtrument, ſo as to ſee the beginning of thoſe Divs- 
fiens through both the Tubes at once, to fet both the Indices 
co 8, or the beginning of the diwifons, then keeping the ander- 
moſt of- the two Tubes fixt to the ſame place , ſo as fil! ro 
reſpe& the ſame point or beginging of the Diviſions upon 
the Boards or Line, by the help of the Rod to turn the Screw 
or Rowl, till you find the upper Tube to reſpe the firſt wt- 
x#ate, and then the firſt degree , and fo till you ſee the laſt mi- 
nate of \the five vvhole degrees , or vvhatever Angle elſe you 
defign it to take in; then (for the firſt and third way) reckon 
how many vvhole ReyolJutions , and vyhat partof a Revolu- 
tion goeth to make up that vvhole Angle, and ſubdivide the 
ſame by a ſwall Table into Mzizztes and Seconds, and you 
vvill preſently find by the Trial, that you vvill be able to di- 
vide toa ſtrange accurateneſs upon'thoſe Boards, by the helÞ 
of your Twbes and Screw, even at the diſtance of 1006, 1500, 
or 2000 foot, and even almoſt to equalize the Diviſions by 
your Compaſſes , when at the very Boards. And by this you - 
''Y may 
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which isithe diſtzgceaf be centre the Rombrsfom the cen 
treof che Inſtrament, + 

Now.,. becauſe-in. an Inſtromene off ikis-bignefs it will be 
ſomewhat troubleſome to turn the whole Angle by che helpof 
the Screw. upon- the Limb , | vehich F find alſo is fomewhat 
eronbleſame in the Inſtrumene. of dis, rehen the 
Angle is large, therefore fax preventing of tha xrouble, and 
to S658 impediately 10 open the '{nftrumenc'vs: the Awe 
or-yery near it. The Serew (inthe fivſt of my 4- 
zimady.)at the-end of the moveableAnn, is made, by unfcrew- 
ing, to draw off the. long Screw from ronchingthe thredson the 
Limb;:which bei dane, the Arm is at: liberty'to be moved 
roany. part of the; \ when by:returaingehe Screw #, 
the Screw-frame and Screw-is 'dows again to take 
hold of he Threds of the Limb of the Taſtrument. - The on- 
ly care to betakenin this aGion, is, that neither the Index e c 
beat all moved out of its poſture to theindew-frame+h;, nor 
the Index 8 be moved at all\abont the radiof 'the Screw 999. 
It matters not at all -1 the 'Screwirod 999 Þbeiturned 
reundor moved , fo: as-it be done bythe 'Rod 930, and the 
handle thereof p p, or by the ſal! handle rat the end of the 
Screwzrod, and that. orien by As fixrro the 
ſaid Rod, oy round with.it motion , - with- 
ut ryiogn to-the. Rode? for 'broaght 
pe Bay gs oe ance thei Sant 6itapn & hold of the 
Threds of the Limb, into which jemuſt be ſteadily guided by 
band, the Index-ee will ſhew apon the Limb the number of 
Threds-or Rewvolations the beginning , 'wnd the Index 8 
; vill ſhew whar, part of a Revolution there isro be joynce to it. 
I lope i] ſhall not deed: 20 ſpend time to explicate, how 
the Centre of theſe Tabet art to be made;\ hor how'the Glaſſes 
and Thred-fightsare to be fixt, nor need 1 much to ſhew, how 
the Joys aſh hs ſtiſlnect* to il them from 'warping very | 


much 3 
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muchz - A fina[!' matter 'of worpiny not creating an! 
errour, eo yormch conderaniea parte ces =o 
. -If it be-defired to make-the:Sorew leſs: ;; and only! long e- 
min bo "_ gre, which is enough js be- 
ſtruments Ty Or xe y _, it may be done þ 

ighe Screw- very well , if care beuſed NN wg 
ates Danton and Trawfitsto a fingie Second. - : 1 

Another thing 1 promiſed further to explain, was ,-the 
contrivance of the rms and Foyme , mentioned in page 73, 
* 25 a Univerſal Inffrument for defcribing all manner of Dzat. 
For adjuſting the Hand of « Clock, ſo 4s. to make it move in the 
ſhadow of the Style of 


\ 


being ſunk into the Centre, about whictict is robe movect'ac- 
cording avit ſhall be guided by the mocion of the ſecond Rod. 
or Axis d d. Fhisſecond Rod or Axis, is, by ics Frame, tobe 
moved and ſet ſo-asto be parallel to the dx of the World; 
then the Hand ee of this laſt being-tarned to/ the honor of 
Twelve on the Plate ff, the Hand of the firſt g will poine 
out upon the Dia'-plain , the Meridian or- Twelve of Clock 
Line. | ; 


And ſo for deſcribing any manner. of. Dial , you have no» 
thing to do. but to find-the Sabfidle ; and the altitude of the 
Stile above the Plain, and to-put the Axis in its due ſcituation 

accordingly, that- is, parallel to the Axivof the Earthy-and 
like then 
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| then by the Plumbet at the end thereof to reQifie the Meri- 
dianor Twelve of clock point: For then, by turning round 
'the Axis or Rod dd by the handle, til! you ſee the Index e e 
on the Axis ta pointat thoſe Hours, halfs, quarters, or minutes 
you havea mind to take norice of in your Dial ; by the ſecond | 

Indexgg, you are directed to the true correſponding point 
in the Plain of the Dial it ſelf. But in ſuch Dials as are in 
or near.a Polar-plain, ic will be convenienc co make uſe of a 
ſina!l Thred to extend from the Croſs, till ic touch the Plain in 
the ſeveral hours, halfs, quarters, winktes, &s. The Arms of 
the Joynt'in this Operation are to be fo fixed, that the axis 
of the Plate may croſs , the axis of the Rod at right An- 

les, 

, The. Univerſe! Foynt for all theſe manner of Operations, 
having not had time to deſcribe the Jaſt Exerciſe, I ſhall now 
more particularly explain. It cpnſiſteth then of fave ſeveral 
parts, eachof which I ſhall deſcribe in the 9 and 10 Fig. 

The two firſt parts are, the Rods and Axes 4 and B, on 
which the Semicircular Arms are faſtned , which are to be 
zjoyned together ſo, as that the motion of the one may commu- 

nicate a motion to the other according to a proportion , 
, wich, for diſtingions ſake, I call Efiprice] or Ob- 

ue. \ 

mm two ext parts are, the two Semicircular. Arms C C 
and D D, which are faſtned to the ends of thoſe Rods, - which 
* ſerveto take hold of the four Points of the Ball, Circle, e Me- 
dium, Or Crofi in the middle, X; eachof theſe pair of Arms 
have two Centre-holes intq9 which the ſharp ends of the Me- 
diuxs are put , and by which the Elliptical or oblique pro- 
portion of Motion, is ſteadily, exaGiy, and moſt eafily' com- 
municated from the one Rod or Axis to the other. Theſe 
Centre-holes I call the Hands, 1: 

- The fifth and laſt thing, is, the Bal, Rowna-plate, Crop, or 
Medinm X in the zmiddle, taken hold of by the hands both 
of one and the Other pair of Semicircular Arms, which, for 
diſtindions ſake, I henceforth call the e Medium, and thetwo 
Points 11, taken hold of by the Hands of the Axis, [I call 
the Points, and the other two Points 22, taken hold of by the 
ſecond pair of - Arms, I call the Piwor-. 


Firſt, 
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Firſt, for the Rods, they may be wade of what bigneſs you 
think fir, according to the uſe for which you deſign the In- 
ſtrument, The only care to be taken in the making of them, is, 
firſt that they may be exaGly Cylindrical in thoſe parts that 
move in Collers, and ſecondly , that the Axis or middle line 
of them do cut each other exa@ly in one point , which point 
muſt not vary upon any alteration. or change of the Joynt by 
bending the angle they make with: each other, moreor leſs, 
nor with the inclination of the Semicircular-arms to any de- 
fired obliquity , nor with the rotation or turning round of 
the whole Inſtrument. They require therefore a very dexte- 
rous, and a very knowing Artiſt, to make them as they ought. 
to be, to perforin their motion with exa@neſs. Let «6 then 
repreſent one of thoſe Rods, and c daſecond, whichare 
turned exaaly cylindrical within the Collers e fgandh, and 
theſe Collers are ſo diſpoſed and fixed on ſome frame, that the 
middle line or axis of both theſe Cylinders may cut each 0- 
ther inthe pointe ;-if then both their necks and collers be 
wrought true and exa&, the Axis or middle Jines of chem 
will alwaies cut each other in the ſame point, howſoever they 
be turned round within their Collersz nor muſt this point s 
be varied , howſgever thoſe tio Axes are inclined to each 
other, ſo that though c d be infleQed to / m, or »o, and ſo 
make either an obtuſeror acuter Angle, yet the point # muſt be 
the centre of the Medium, where both the Axes concur and cut | 
each other. : 
Secondly, The Semicireuler-arms way be made of what 
bigneſs, thickneſs, or ſtrength, the occaſion for which they are 
deſigned ſhall require ; that is, if they are only to carry the 
Hand of a Clock in the ſhadow of a Common Dial , whether 
made after the Orthographical, Stereographical , or Horological | 
projeQion; or if they are by an Annual motion to ſhew the 
motion of the Sun in the Ecliptick, or Me zquation of Time, 
a very ſwall ſtrength is ſufficient 3 but if they are for carrying 
round a great Duadrant , ſuch as that I have heretofore de- 
ſcribed , there they muſt be made ſtronger and wore ſubſtan- 
tial. Carealſo muſt be had, that the inclining the Armsra 
any angle may not vary the centre of the Ball or Croſs out of 
the point, where the two Axes cut eachother. . Both theſe 
Arms 
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Arms are to be made fo as tobe inclined to any angle ; that. 
is, that the Axis of the Medium, taken hold of by the Arms 
of Iron; may be made to incline to the axis of the Rod, on 
which they are in any angle deſired, and being ſer to that 
Angle, to be ſteadily fixed , which may be done by a pin, 
ſcrew or wedpe ; the way I make ufe of for the Azimmarh- 
Inſtroment,deſcribed in the 73 p. of my Animaaverſions,is this 
which is delineated and explained in the 9th. Fig., where G re- 
preſents a ſocket of Braſs, movable cylindrically round about 
the end or neck B, of the Axis or Rod BE, the ſame with « 6, 
in the 22 Fig, of my Animadverfions, and fixable in any poſture 
defired, by help of a ſide-Screw h , ſuch as is very commonly 
made uſe of for moſt Inſtruments that are fixed upon the end 
of a three legg'd Staff, and is commonly calied a Cylinder and 
Socket;this Socket of Braſs hath a ſmall Rod of Iron,k, fixed in- 
to ic at &, which is near the middle of its concave part, through 
this Rod there is made a ſmall'eye or hole , and through that 
hole a wedge-like pin m being thruſt, ſerves to keep the Semi- 
circular Iron-arms CC, ſteady and fixed in any poſture they 
ſhall be re&ified ro. The Semicircular-arms CC, are to be 
made of very pood Iron, or rather Steel , and to have a chan- 
nel or grove quite through the middle of one of them, and 
extending the whole lzngth of a quadrant of a Circle, namely 
from w too, becauſe, according to the variety of occaſions, it 
may be varied to any point between and 0; and 'tis to be 
obſerved, that the Iron-rod & muſt be ſo far fixed out of the 


axis of the S5ckerg, as» is diſtant from z, or o from p the 


middle of the Iron-arms between zand z, that ſo when there 
15 occafion, the Centre-hole or hands z may be moved to p and 
faſtned. Arq mnſt be madea Joynt m the Semicircular-arms,ſo 
that when the end » of theArms is fixed in or near &,the other 
arm C may fall back from the point s, otherwiſe the circular 
motion, in many caſes, cannot be continued quite round , and 
communicated from one Rod to the orher, by help of the Me- 
dium or Plate x. The ſeveral pieces of this Joynt ,as they are 
apart and diſtin, you may ſee 1n the 97h. Figure, and as they 
ar&Joyned all together fit for motion you may ſee in the tenth 
Figure, to which alſo the deſcription of every part is ad- 
joyned in words referred to by the help of Literal marks, 
| | which 
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which, I hope, will make it ſufficiently plain to any Artiſt to 
underitand, 

Thirdly, The medium Pai! or Croſs X, muſt be made of 
a bignets tuitable ro the Armsand Cylinders, and great care 
mult be had chat all the ends, points, or handles, lie exaQtly 
inthe ſame plain, and that they be all equally diitant from 
their Center, at leaſt, that any two oppoſite ones be fo 
made , becauſe it is not abſolutely neceſſary that they ſhould 
be ſo all four , though in moſt caſts it be beſt 3 and farther, 
the Handles or Pivors ought to be exactly round, conical, or 
cylindrical , and the middle lines of them to cut each other 
at right ang'es, or upon a ſquare; and in peneral., that all 
things about the ſaid Joynt. be ſo contrived and wrought 
that the Axis of the two Rods may alwales cut each other in 
the centre of the medium Crofs or Pate, and th rt the (a.d 

Centre, whatever change happens to the Joynt, way alwaies 
keep exa@aly inthe ſame very point}, without any alteration, 

The ſhape of this Medium may be either, a CroſFKhoſe 
four ends hath.each of them a Cylinder, which is the weakeſt 
way, 'tisdeſcribedinthe 9 and roth. Figures by the Crols X; 
or ſecondly, it may be made of a thick plate of Braſs, upon 
the edge of which are fixed four Pivots, which ſerve for 
the handles of the Iron-arms to take hold of; this is much 
better than the former, but hath not that ſtrength and ſteadi- 
neſs that a large Ball hath, whieh is the way I moſt approve 
of , as being ſtrong, ſteady, and handſome ; theſe are deline- 
ated in the aforeſaid Eizwres, by X x, and N x x. 

If it be an Elliptical Dial to be deſcribed by the Orthe- 
graphical projeFton, the former way for deſcribing Tamgert 
Dials , gives the lines that divide the Ellipfis of the Equrzex 
in its true proportions :. and if you wou'd have the Lines that 
. divide the Ellipfis of either Tropick,; or of any other pa- 
ralle] Circle, you muſt reGifie the Semicircular Arms CC of 
the Axis B B, to the degree of the declination of that Paral- 
- lel, and them proceeding as before, you have the Lines 
; which from the aforeſaid Circle divide the Ellipſis of that 
Parallel accordingly. Perpendiculars alſo,let fall from the ends 
of the Croſs 11 , give the true Ellipſis in the Orthograpbical 


projection anſwering £0 that Parallel. 
| D Tre ce 
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Theſe Lines thus found, are the true £zimurh Lines of the 
points or diviſions of that Parallel , and are this way traced 
out exactly , without any trouble of Calculation , which for 
ſome purpoſes, in Surveying, Navigation, Oc. are of very 
great uſe, as I ſball afterwards ſhew. 
** The Univerſaliry of this Contrivance, for reſolving almoſt 
all Spherical Sneſtions, makes it of very great uſe in Navs- 
gation, if it be adapted as it ought to be , eſpecially for the 
Common Sea-mans uſe, who, with a very few Rules, will be 
able immediately to find the howr, and azimuth of any point in 
the Heaven, ſufficiently accurate for moſt Obſervations that 
can be madeat Sea ; of which more hereafcer, 
For making the Haxd or Index of | a Clock move in the ſha+ 
dow of the Style, made upon the Face of the Dial, and ex- 
poſed to the Sun, this Foyt, being made to joyn the arbor 
of the Wheel that goeth round in twenty four hours, with the 
arbor of the hand , performeth ic without any other hzel or 
_ Pinion in the Dial or Face part of the Clock ; if the Arbor 
of the Clock that ſhould have carried the Hand round -in 
"twenty four hours, be made to have the ſame inclination to the 
plain of the Dial that the Axis hath, whether parallel to the 
Axis Or not, it matters not at all, ſoithat the Hand be reQified 
"*accordingly as it ought to be, and that the Sryle of the Dial 
ariſeth from the centre of the Dial, out-through which the 
Arboris produced for carrying the Hand, and placed in its 
Paralle} reſpe& to the Axis, as it ought tobe for a Tangent 
Dial. For. the ſhadow-Line'of the Axis upon the plain of 
the Dial, being alwaies carried round the centre of a Dial in a 
plain, which paſſeth through the £x# orSzyle,and maketh equal 
progreſſions abour.it in equal ſpaces'of Time,and unequal pro- 
greſſions upon the Dial-plain, according to the proportion of 
Inclination, and the whole Revolution being performed in 
twenty four hours, and the Hand of the Clock upon the Face 
of the Dial being alwaies moved in a plain which paſſeth 
through the Arbor of the Clock, | and maketh equal pro- 
prefſions in equal ſpaces abouit the ſaid Arbor, but unequal 
progreſſion about. the Centre of the Dial , according to the 
differing Inclinations : And thoſe Inclinations being both in 
* the Sun- Dial and Clock«Dial the ſame, it will follow, that 8he 
Bk Hand 
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Hand of the Clock muſt alwaies move in the ſhadow of the 
$tyle, if the Hand be once reGified to the true Plain, and the 
Axis or Arbor make its Revolution as it ought to do in twenty 
four hours. |-. | 
If it be further deſired, for the eaſe of taking Azimuths 
and Altituder, that the Arm of the Azimuth quadrant that is 
once adjuſted to the Celeffial Object, ſhould, by the aforeſaid 
Joyat or Inſtrument, be kept alwaies reſpeQing and follow- 
ing the ſaid Object in its Diurnal motion , it may be very eaſily 
pei formed by the help of a ſmall perpendicular Ruler , whoſe 
lower end is Joyn:cd into either of the Arms 11, of the cir- 
cular Plate X, in the 22 and 234. Figure of my Animadver- 
ſions , and the upper end joynted into the movable Arm, at 
the ſame diſtance from the Centre of the Quadrant that the 
lowerend is from the centre of the Plate X,and that the centre 
of the @uadrent be ſet exactly perpendicular over the centre 
of X , but then the diviſions by the helpof the Screw cannot 
be made uſe of, becauſe the Clock-work it ſelf is to turn and 
movethe Arm : Burt it may be done by any @wadravt , where 
the minute Diviſions are performed by the help of Diagone!s. 
For the Arms of the Circular-plate i 1 being alwaies moved in 
the ſuperficies of the Cone deſcribed, by the radiation from 
the Ce'eſtial Obje& to the centre of the Plate X, that is to 
ſay, the Line that paſſes through the Centre of the ſaid Plate, 
and through the two Poirits 1 1, beingalwaies diredted co the 
Celeſtial ObjeRt, if the Arm of the Quadrant be moved per- 
pendicular over it; and parallel to it, that alſo muſt be alwaies 
direged to it. And hence it may very cahly be conceived, 
how the aforeſaid Semicircular Arms may be readily and cer- 
tainly reQified to any Celeſtial Object ; that is, by fixing Te- 
leſcopes or Common-fights upon the Circular-plate, ſo as the 
Axis of them may be parallel to the Line through 1 1, and 
looſing the Screw h to reQifie it to the 1Obje& by the ſighr, 
and then immediately to fix itin the ſaid poſture by the afore. 
ſaid Screw z the Clock-work of the ſaid Inſtrument having 
been before that. put into motion. The reaſon of all which 
will eaſily appear to any one that thronghly confiders , that 
all Celeſtial ObjeAs ſeem, by the diurnal morion of the Earth, 


to moye equally from Eaſt to Weſt about the Axis of it, and 
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won idfall do exa@ly ſo, were they not ſomewhat varied by 
their owa proper. periodical revolutions, which though it 
doth indeed make a real difference berween their velocities 
about the Axis of the Earth, yet that difference 1s but ſinall ; 
and the ſame circular Pendulum will ferve both for the Sx, 
eNoon, Planets, and Stavs, if at leaſt the Pendu:um p, in the 
. fafteemth Figure, bea little lengthened or ſhortened, by lifring 
up or lefting down the Rod q q, in progorcion as the Body k 
moves ſwifcer or flower: - And 'twill not be difficult co mark 
vpon-the Rod 949, the appropriated length of the Pendulum 
for the Swn, eMoon, or Stars ; but this only by the by, 

[f in the next place it be deſired ; [that the Hand of the 
Clock ſhould be alwaics carried round upon the face.ot the 
Clock, in the ſhadow of a Style perpendicuiar to that p.ain, 
by reaſon that the declination of: the Sun daily varieth , the 
2ngles of the ſhadow abour that Style varieth alſo, and con- 
fequently the inclination of the plate of the Joynt to the 
Axis or Arbor 'muſt vary aiſo, and'that variation mult al- 
waies be the ſame with the variation of the declination of 
the Sun, which is twenty waies mechanically performab'e 
in Clock-work , ſo that the motion ſhall be performed by 
the Clock-work alone, without touching it with the hand, 
All the other dire&ions that are requiſite to adjuſt the Clock- 
work to ſuch a- Dial, is, only to make the Arbor of the 
Clock-work to have the ſame inclination to the plain of the 
Dial, that the Axis of the Garth, or a line paraiel to ic hath; 
and: re&ifying the Hand into the true plain of the Axis , or 
Inclined arbor, the equality of the motion of the Clock- 
work, according to the diurnal and annual motion of ;the 
Sun, we ſuppoſe alſo to be provided for. 

.If the Handof the Clock be defired to be moved in the 
ſhadow of any other ſtreight Style , howſoever inclined to 
the plainof the Dial , then muſt there be another Joynt like 
the former, added to the end of that Axis which was per- 
pendicular to. the plain of the Dial, and all the three 
Axes muſt be ſcituare in reſpe@ of the Plain, in Which the 
Hand on the end of the laſt 1s to move, that the inclination 
of the ſaid Axes to each other, may repreſent the inclination 
.of the Axis to the. perpendicular axis of the'Plain, and of 

TRENTK that 


C2r) 


that perpendicular Axis to the axisof the Scyfe. Or, which-. 


1s ſomewhat ſhorter, and may be made handſome enough, Let 
the ewo ends of the Hand repreſent the two points of the 
ſecond circular Plate or Globe , extended long enough: to 
reach to the hour Circle, then let the axis of this ſecond 
Arm be placed in the axis of the inclined Style, and ler the 
axis of equal motion , repreſenting the axis of the diurnal 
motion of the Earth, be placed with ſuch inclination to it, 
as the axis of the Earth hath to the oblique Axis or Style of 
the Dial, and the motion will be molt exaGtly perforined me- 
chanically, and according to the truthof Geometry and Cal- 
culation, 

Now, in all theſe motions, caremuſt be taken, to provide 
that the inclination of -the declination of the Sun from the E- 
quinoGial, be expreſt by the ends 11,in the 22 and 23 Figures 
of the ſecond Plate of my Animaaverſins, of the Croſs , 
taken hold of by the ſemicircular arms c 4, upon the endof 
the firſt Axis; that 1s, that the ſaid arms way, by their revo- 
iution, make the line of the Croſs deſcribe ſuch a cone about 
the firſt Axis, as the motion of the Sun. doth. about the axis 
of the Earth, making the centre of the Earth the apex of that 
Cane ; which will be done, if the ſaid ſemicircular Arms be 
moved,.and ſet to the deetination of the Sun for that day. 
Or, that an additional] motion be added to the firſt Axis, 
that the' Clock' it ſeif way perform it, .. This may be done 
twenty wales. eali,y enough, which I ſuppoſe will be ſuffi» 
ciently obvious to any knowing Mechanick , and that with- 
out the help of. Tooth-wheels or Pinions, which in works of 
this nature are-in no wiſe to be made uſe of, by reaſon of their 
ſhaking and uncertainty, which I ſhall cliewhere deſcribe, 

There 15 one only difficulty in this motion , and that 1s only 
1g ſuch Objeds as paſs aver, or very near the Zenith or Nadir 
of the place, for in thoſe caſes, when the Obje& comes very 
near the Zenith, the obliquity of the motion of the one to 
the other is ſo very great, that the firſt Axis doth not move 
the ſecond without ſome difhiculty : But to remedy this, the 
expedient 1s as eaſe, and that is, by having a little, barrel 
about the perpendicular Arm, to carry it forward as far and 
as faſt asthe firſt Inclined axis will permit it ; which weight 
way 
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may ke removed as ſoon as the ObjeQ 1s a little way paſt the 
Zenith. 

The next uſe that may be made of this, is, for carrying the 
Hand of a Clock fo, as alwaies to move over that point of 
the Ecliptick in which the Sun is, 'm a Stereographical 
projeGion of the Sphere upon the Plain of the EquinoGa!, 
or in an Orthographical proje&1ion of the ſaid Sphere upon 
the ſame Plain, ſo as to expreſs thereby nor only the differing 
right aſcenſions, but the anowaly aJlo of the Suns motion in 
the excentrick of the Ecliptick. And by this means the 
Face of the Ciock may be made by a P!aniſpherical pro- 
jzeQion., to repreſent the motion of |all! the Stars appearing 
in any Horizon that is not to0'near' the EquinoGial ; their 
Riſings , ſettings, (culminatings , azimuths, and almicauters : 
Riſings and ſettings of the Swn, the lengths of the Days and 
Nights, and of the Twilights and Dawnrngs, and many other 
Problems of the Sphere. | And, which 15 a conſequent of this, 
it may be made to ſhew the equation of Time, which is ne- 
ceſſary to be made uſe of for ſetting a pendulum Clock by 
the Sun , the manner of doing which I muſt refer to another 
opportunity, as I muſt alſo the uſe of this Joynt,, for draw- 
ing Eliipſes, drilling and boring of bending Holes, for turning 
Elliptical and Swaſb-work, till I publiſh my deſcription of a 
Turning Engine , Capable to turn all manner of Conical Lines, 
and Conoeidical; all manner of Foliage and Flower-work, all 
variety of Basket or Breaded-work , all variety of Spirdl and 
Helical-work,ſerving for the imitation of the various forms and 
carvings of all ſorts of Shel[s; for cylinarical and conical Screws; 
a!l variety of Emboſiments and Statues; all variety of edpgedand 
W heel-like work ; all variety of Regslarly ſhaped Bodies, whe- 
ther the five Regular bodies of Plaro, or produced from thoſe 
by various ſe&ions or additions, of Which the variety is in- 
finite; a!l variety of bended Cylinders or Cones , and thoſe 
whether round, in the manner of an Oxes-horn, or compreſ- 
ſed and angular, like thoſe of a Ramor Goat ; for all manner 
of Swaſht-work , Compreſt-work , &c. every of which prin- 
cipal parts hath a vaſt variety, and the compound and 
-decompound principles have a variety almoſt infinite. 
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Appendix, 


Concerning the Eclipſe of the Moon : 
obſerved in London, 


Anwary the firſt, 1677, being at Sr. Fonas Mores in the 
] Tower of Loney, aud making uſe of a Teleſcope of eighr 
foor, and my pocket-Watch, whoſe ballance mas regulated 
wich ſprings, I obſerved the Eclipſe of the Moon, which- 
began at about twenty minutes after five, the penumbra very 
much cheating the naked eye; for the Penumbra had darkned 
that ſide of the Mooy, next the ſpot Grimaldi, about half an 
hour before, and grew darker and darker towards the edge 
where the {mbra centred, ſo that if the light of the Moon were 
diminiſhed either by refle&ion upon dark Glaſs , or looking 
throu ſivall hole, berween a quarter and a third part of 
the Moos ſeemed eclipſed before the {mbrs entred ; but the 
Teleſcope diſcovered it plainly to be no true #xbre, but 
penumbra. 

This I note, becauſe ſuch Perſons as do not make uſe of a 
Teleſcope, but only of their naked eye, are very apt to be 
much deceived ir. their eſtimation of the beginning and end 
of the Eclipſe. 

At 5. 43. we judged by the Teleſcope that the Mom was 
eclipſed ſix digits, or half; at 6. 19, the total Eclipſe began, 
when the Moon appeared of a very red colour , eſpecially _ 
towards that part of the Limb where the dire& Raies left ir, 
which wasat the Mare Criſmwm,which is oppoſite to Grimalat. 
Now the Skie being ſomewhat clearer, it being before hazy, 
with the Teleſcope I began to diſcover a great number of 
ſina!l Sters about the Moon, which appeared yet much more 
conſpicuous, after I had taken off the apperture from the 
Obje&-glaſs, and amongſt the reſt , one ſeemed very conſpi- 
cuous, and Jay in the way of the Moo , which I diligently 
watched and obſerved , that it was juſt covered by the e Moon 
at 6*. 47', 30". the Moon firſt covering it with that parc of it 
which 
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which was almoſt perpendicularly under the centre of the 
Aloon, 

About three quarters of 4n hour after the total immerſion, 
the body of. the- Moon was exceeding dark , and almolt un- 

rceivable , -being then near the centre of the Ymbra , ani 
afterwards che Eaſtermoſt.or. foremoſt | part of the Limb Of 
the Moon began tobe inlightned, whereas before the Welte: - 
moſt Limb had been the brightelt. 'T his was alto rery no- 
'rable , that that part of 'the e Moon il was towards the 
North-Po! e, a pretty while before the emerfion of the Minor 
out of the rgtal Eclipſe, and even till the very emerſion, and 
ſomewhat after too, appeared inlightned with a much brisker 
lighe chan any other partof the body , except that which 
was next the Limb where the light again entred. From what 
cauſe this ſhould happen, I know not ; pollibly it might be 
cauſed by a greater refra&ion of the Air near the North- 
" Pole:of the Earth, and I am much troubled, that [ had nac 
taken notice whether the like Phenomenon had nor happened 
tothe body of the Moon before it had paſt the centre of the 
{lmbrs. It was very wanifelt, that there was a conſiderable 
quantity of light that kept that- Limb of the Moon which 
was next thelight, conſpicuous by the Teleſcope all the time 
'of the toral Eclipſe; and?ris very rational to aſcribe it to the 
Raies of the Sun, refraed BY the Air, or atmoſphere of the 


Earth. 
[ was very well pleaſed to JO n the Moon to cover 


ſeveral ſinall Stars that lay in its way, but I kept no 
account of them, but only watched diligently when the Str 
that entred behind the Moon at 6. 47- 30. would come our 
again, which 1 found ietodo at 7.30". ſeeing it at the very 
moment of time that ir began'to appear again. And it'was 
aiſat che ſame Inſtant diſcovered by Sr. Tonas More, who was 
ex pecting it with another Tube. 

At 7. 58, the body of the Moon firſt emerged out of the 
Umbra at the ſpot Grimalds, and ſoon after all thoſe ſmall 
Stars that were conſpicuous before abour the body of the 
Moon, vaniſhed, However I had, | before its firſt emerſion 
ou: of the ſhadow, taken a little draught of the ſmall Stars, 
according to their ſeveral poſitures and magnitudes, only by 
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ueſs, that I might a week after, when the Myoy was gone 
| theroff inquire what that Star was that had ſuffered ſo 
conſpicuous an Eclipſe, and that thereby [ "might the more 
certainly determine the true place of the Sw» and eAMoon at 
that inftant, whick I found to be that in Bayer, touching the 
Ecliptick, in about 219.40*. of Cancer. The Umbre ceaſed 
wholly at eight of the Clock and five minutes, , though the 
Penumbra then pofſefſed almoſt a third of the Moons Diame- 
ter, and Jaſted near half an hour after, before that ſide of the 
Moon was perfectly inlightened like the other. 

There was one Phewomenos very remarkable,which I took 
more eſpecial noticeof, as ſeeming to me very conſiderable 
for the determining that controverſie, whether the Moox have 
an atmoſphere or not, like that of the Earth ? And that was, 
that after the e Moor was entred wholly intacthe Umbra of the 
Earth, that part of the Limb of the eAoon which was laſt en- 
"lIighrned, continued for a conſiderable while to have a very 
preat brightneſs upon 1r, which extended on each ſide that 
part of the Limb, both northwards and ſouthwards, to a- 
bour a quadrant of the e Moors Limb,waking a repreſentation 
almoſt of a New Moor abour a day or two old, and as ihe 
body of the Myon was immerged deeper into the ſhadow, ſo 
this brightneſs or light grew fainter and fainter,but Nil! ſeen;» 
ed ro ſpread it, ſelf very far upon the Limb of the Moos only, 
and not upon the body thereof, That which was ſpread in- 
to the body being much fainter and weaker, and ſteming (as 
I before noted) to proceed from the refraQtion of the Atmoſ- 
pheres of the Earth. Nor was this only conſpicuous at the 
Moows entring into the total darkneſs, but as remarkable a!iſo 
at the exitus thereof out of the ſame, inſomuch that ſome of 
thoſe Perſons, who at the ſame time viewed the ſame with 
me, verily believed the My9n was not wholly eclipſed ſo 
ſoon as really it was, nor continued ſo long in that obſcuricy, 
as very viſibly it did by the ſpace of two or three minutes. For 
I rook eſpecial notice when this inlightning of the Limb be- 
gan again to appear, and I obſerved its increaſe, and ſpread- 
ing about the Limb, till the very inſtant that the immediate 
light of the Sun touched the very extremiry of the Limb : 

E ſelf, 
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lf, which was indeed ſo very|briskly bright and ſtrong, . 
that it did not only ſoon make the other light diſappear, but 
alſo allthe Teleſcopical Stars that were near to it, and to- 
- wards the end alſo many of themore conſpicuous Stars, ef. 
pecially ſuch as were no: far from the body of the Moon. 


Poſtſcripr. 


Shouid have here taken leave of my Reader for this time, 

but that finding in the Trawſa&10ns a pallage inſerted out 
of the French Journal de Scavans, about the invention of ap- 
plying a Spring to the Ballance of « WI atch, for- the regulating 
the motion thereof, without at all taking notice that this In- 
vention was firſt found out by an Expiiſb-man, and long ſince 
publiſbed to the World: 1 muſt beg the Readers patience, whilſt 
I, in vindication of my own right againſt ſome unhandſome 
proceedings, do acquaint him with-'the ſtate of this mat- 
rer. | 
About ſeventeen years ſince, being very inquiſitive about 
the regulating the meaſure of Time, in order to find the Longi- 
tude, I did froman Artof Invention, 'or mechanical A/pebra 
(which [| was then Maſter of ) find out and perfe&t this con» 
trivance, both as to the Theory and Experimental verificati- 
on thereof,of which I then diſcourſed to arvers of my Friends, 
but. concealed the modes, 

Abour fifteen years ſince, to wit, inthe year 1660, pre- 
ſently after his Majeſtices happy Reſtauration, I was in treaty 
with ſeveral Perſons of Honour (ſoine of which are yet 1i- 
'ving, though oxe of them is ſince dead, but I have ſufficient 
evidence to produce in his own writing that he was one) for 
the diſcovery thereof, upon propoſed Articles of encou- 
ragement. This I can prove by «ndeniable Witneſles yer li- 
ving, and I have ſtill all the Papers, Articles, and TranfaQtions 
of this matter by me, intheir own hand-writing. 
| In 
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In order to bring this Treaty to paſs, I was necellita- 
red to diſcover ſomething of Invention about aveaſuring 
Time, which was, this way of applying Springs to the arbor 
of the Ballance of 4 Watch, for the regulating the vibrations 
thereof in all poſtures, And this I did, to the end that [ 
might gain ſomewhat of belief in thoſe Noble Perſons (with 
whom: [ was'to treat) That I had ſomewhat more than or- 
dinary, and was not one of the heard-of Pretenders to thar 
Invention : which efte& it had,, and their Treaty with me 
had finally been concluded for ſeveral Thouſand pounds, 
had not the inſerting one Clauſe broke it off, which was, That 
if after | had diſcovered my Inventions about the finding the 
Longitude by Watches, or otherwiſe (though in themſelves ſuf- 

ficient) They, or any other Perſon ſhould find a way of impro- 
' wing my Principles, he or they ſhould have the benefit thereof, 
during the terms of the Pattent, and mot I, To which Clauſe | 
I could no waies agree, knowing 'twas eaſie to vary my Prin- 
ciples an hundred waies, and was not improbable but that 
there might be made ſome addicion of conveniency to what 
I ſhould ac firſt diſcover, it being facile Inventis addere. 
And judging it moſt unreaſonable to be deprived of the 
benefit of my Inventions, in themſelves ſufficient, becauſe 
others might vary thein, or any other ways improve then), 
of which ict was very probable they would have no thought, 
if they had not the advantage of being inſtrufted by my 
diſcovery,it having !ain hid ſome thouſands of years already, 
25 indeed the efe hath made evident and certain, there ha- 
ving been nothing done by any body <ife upon that matter 
for theſe fifteen years. 

Upon this point our Treaty was broken off, and [I con- 
cealed the farther diſcovery of any of the other more con- 
ſiderable parts of my Inventions, for the regulating of Time 
keepers, as hoping I wight find ſome better opportunity cf 
publiſhing t hem rogether with my way of finding the Lox- 
gitude of Places, for which I hoped to have had ſome benetir 
for al] the labour, ſtudy, and charge I had been at tor the 
perfe&ing thereof. Upon this | was told, That I bad better 
have then aiſcovered all, ſince there were others that would find 
E 2 il 
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it owt within ſix months ; to which I anſwered, that | would 
879 them one ſeurn years 5 and 1t 15 now above twice ſeven, 
and I do not find tt yet found out. | Indeed Mr. Hagens hath 
made uſe of that part I. diſcovered, and ſomewhat Mr. Leib- 
its hath hit upon, but both of thew are imperfe& as 1 all 
hereafter ſhew. 

'Tis true, I was alarumd by one of thoſe Perſons about 
ewo years after that, who told me, That he had news that the 
Longitude was found out by « Perſow of Honour , by a way of 
carrying Mr. Hugens's Penaulum-Clock, at Sea, by the hel of 
4 Ball and Socket, hung to the wnder fide of the Deck of a Ship. 
But having a deſcription of iz, | preſent'y rold that Perſon, 
That that lnuention would do mine no harms ; and indeed we 
experimentally found it nſelefs to that effe@& not Jong after, 
npon a trial made of carrying the. ſaid Clocks off ro Sea in 
one of His Majeſties Pleaſure- Boats, in the year 1662. 

The Inventiqn indeed in it ſelf was ingenious , and did 
much more than uv hat Mr. Hugens did expe&, as I was then 
informed by the Right Honourable the Ear] of Kincardine, 
rhe Author and perfeder of that part of the Invention. Bur 
wanting a little addition (which I concealed, and Mr, Hu- 
gens hath not got yet that I hear of ) ir failed of the effe 
that was expeGied, Notwithſtandirg this, it was not lonp 
after publiſhed in Low Dutch, and preſently after in 
Engliſh ; wherein what wade for it was related, bur 
what made againſt it was concealed, though they were both 
equally known. JIE | 

But on the otherſide, all that I could obtain was a Cara- 
logue of Difficulties, firft, in the doing of it, ſecondly, in the 
bringing it into publick uſe, zhira/y, in making advantage of 
it. Difficulties were propounded ' from the alteration of 
Climates, Airs, heats and colds, temperature of Springs, the 
nature of Vibrations, the wearing of Materials, the motion 
of the Ship, and divers others. Next, it would be difficult 
to bring it to uſe, for Sea*men knew their way already toany 
Port, and Men would not be at the unneceſſary charge of the 
Apperatus , and obſervations of the Time could not be we!l 
made at Sea, and they would no where be of uſe but in Eaſt 

. and 
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and Weſt Indis Voyages , which were-ſo perfeQly ander- 
ſtood that every Common Sea-man almoſt knew how-to Pilot 
a Ship thither, And as for waking berefir, all Feople fot by 
ſuch unc'ertakings ; much had been ralke about the Prems- 
ms for the Longitade , but there was never any ſuch thing, 
no King or State would ever give a farthing tor it, and the 
likez All which I let paſs, 

Ar the earneſt importunity of a Dear Friend of mine, 
fince deceaſed, I did; in the year 1664, read ſeveral of my 
firſt Cutlerian Lefures upon that Subje&@, in the open Hal] 
at Greſham Colledpe, at which were preſent, beſides a great 
number of the Royal Socrety, many Strangers unknown to me, 
I there ſhewed the ground and reaſon of that application 
of Springs to the Ba/lawce of a Watch, for regulating ics mo- 
tion, and explained briefly. the true nature and principle 
of Springs, to ſheiy the Phy ſical and Geometrica! ground of 
them, And I explained above twenty ſeveral ways by 
which Sprizzs might be applied ro do the ſame thing, ard 
how the Vibrations might be ſo regu.ated, as to make their. 
Durations either all equal , or the greater (lower or quicker 
than the leſs, and that in any proportion afligned. Some of 
theſe ways were applicable to leſſer Vibrations, othersro 
preater, as of 2, 3, 4, 5, 6. or what numberof Revoliitions 
were deſired ; the wodels of which I there produced, and [ 
did at the ſame time ſheiv wherein the aforeſaid Sea-Clorks 
were defeQtive. 

All theſe particulars alſo were at ſeveral other times , at 
the Publick meetings of the Royal Socrety, diſcourſed, expe- 
rimented, and ſeveral Models produced. | did alſo, at the 
earne(t deſfireof ſoine Friends , in the year rt 64 and 1685, 
cauſe ſome of the ſaid Watches.to be made, though ] was 
unwilling to add any of the b<trer applications of the 
Spring to them, as waiting a better opportunity for my ad- 
vantage. 

. Of all theſe things the Publiſher of the Tranſat#ions was 
' not jgnorant , and [ doubt nut but Mr, Huzens hath had an 
account, at leaſt he might have read ſo much of it in the 


Hiſtory of the Royal Society as was enough to have given him 
notice 
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notice of it, for page 247 of that Hiſtory, awongſt other Ex- 


perimented [nventions, there-are recounted ſeveral new ways 
of Pendulum Watches for the Picket , wherein the motion is 
regulated by Springs, &c, The account of the ſeveral ways 
was given ſomewhat larger to the Learned Author of that ex- 
cellent Hiſtory, though he, as judging it more proper to his 
deſign, was pieaſed to give only this ſuguvary account. 
Mr. Hugens might therefore, if he had pleaſed , have wen- 
tioned rhe firſt Inventer, Nam ingenuum eff fateri; as he 
wight a!ſo that of the Circular Pend\;Jum, which 15s wenti- 
oned inthe ſame page of the aforeſaid Hiltory. . 

But though he would nvt pleale to confeſs he knew my 
publiſhed Invention, yer'l am ſure he hath wanitelted , that 
he knows »o more than what | had formerly diſcovered , he 
having not 1n leaſt mentioned the othe'Con:rivance , which 
is the principal, and without which the firſt part of the 
Invention is bur Jame-and imperfea, 'and doth but limp on 
ane leg, and. will ſome tine hobbie!, and ituwbie, and ſtand 
ſtill. And the faid Watches will not be zres Fwuſte, nor ſhew 
the Longitude at Sea or Land, but, on the contrary,they wi!l 
be ſubje& to moſt Inequalities of motion and carriage, and 
with many of thoſe motions wil! be apt to ſtand ſtill, what- 
ever to the contrary 1s affirmed in the: French Fwrnal, or in 
the Engliſh Tranſatt ions. 

I forbear now to mention any further the carriage of the 
Writer of the Traxſa(Ftons in this Aﬀair, and begging my 
Readers excuſe for this digreſſion, I ſhall conclude this 
Trac witha ſhort communication of| the general ground of 
my [nvencion for Pocker-Watches, the number of particular 
ways being very great, v hich (that the true Lovers of Art, 
and they only may have the benefit of ) I have ſet down in 
the Univerſal and Real Charattey of the late Reverend Pre- 
late, my Honoured Friend Dr, Joby Wilkins, Lord Biſhop 
of Cheſter, deceaſed. In which 1 cou'd wiſh, that all things 
of this nature were communicated , | it þeirg a CharaGter and 
Language ſo truly Philoſophical , and ſo perſealy and tho- 
roughly Methodical, that there ſeemerth to be nothing want- 
ing to make it have the urmoſt perfe@ion, and higheſt Idea of 
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any Character or Language imaginable, as well for Philoſo- 
phical as for common and conſtantuſe. And I have this furs 
ther to deſire of my Reader, who wiil beat the pains to deci- 
pher and underſtand this deſcription, that he would only 
make uſe of it for his own information,and not communicate 
the explication thereof ro any that hath not had the ſame 
curioſity with himſelf. with 

This I do, not fo much to hinder che ſpreading of this 
Deſcription here delivered, as to revive, and, if poſlivle, 
bring into uſe and practice that excellent Defign : It being a 
Character and Language perfe&ly free from all nanner of 
ambiguity, and yer the moſt copions, expreſſive and figni- 
. ficative of any thing or Notion imaginable, and, which re- 
commends 1t moſt ro common uſe, the moſt calie to be unders 
ſtood and learnt in the World. See Table the third. 

To fill the vacancy of the enſuing page, I have here ad- 
deda decimate of the centeſmeof the Inventions | intend to 
pub!tſh, though poſſibly not in the ſame order, but as | can 
get opportunity and. leaſure; moſt of which, I hope, 
will be as uſeful to Mankind, as theyare yet.unknown and 
new. 

1. A way of Repulatin? all forts of Watches or Time- 
keepers, ſo 44 fo make any way to equalize , if not exceed the 
Pendulum-Clocks now uſed. 

2. The true Mathematical and Mechanichal form of all 
manner of Arches for Building, with the true butwent neceſſary 
fo each of them, A Problem which no ArchiteFFonick Wri- 
ter hath ever yet attempted , wuch lef\, performed. abcec 


quors, of rent uſe tn (i\1raulicks Diſcovered. 
s. A new fort of ObjetF-(laſjes for Teleſcopes and Mis 
croſcopes, much outdoing any yes uſed. Diſcovered, , 
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"'K; fie epoagh ts be made- unde 
19 of the Moons jj and 
Diſcovered. 

7. 4new ſort o jriof Horizontal-Sayls no « Mill, 
the moſt that any Horizontal: Sayls of that rim be. ie ; 
and the various uſe of that principle on aivers other occaſion 
Diſcovered. 

8. 4 new way of Poſt-Charriot for travelling far, without 
much wearying Horſe or Rider. Diſcovered. 

9. 4 new ſort of Philoſophical-Scales, of great uſe in Ex- 
perimental Philoſophy. cdeiinnoopsssituy. 

10. Ancw invention is Mechanicks of prodigions uſe, ex- 
ceeding the chimera's of perpetual motions for ſeveral uſes. 
aaa#bccddeeeceeegliilmmmnnooppqrrrrs 
ertuuuun, | 
aaeffhiiiillnerrsstou, 


6. 4 new' /: Selenolg9 
whereby the ſmalleſt 
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